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(54) Adaptive antenna reception apparatus 

(57) An adaptive antenna reception apparatus in- 
cludes a reference signal level determination section, 
reception level detection sections, and beam formers. 
The reference signal level deterrhinatlon section deter- 
mines the level of a reference signal for generating an 
error signal used for antenna adaptive cxintrol on the ba- 
sis of a reception level of each antertna before beam 
forming. The reception level detection secttons calcu- 



late antenna weighting factors for the respective paths 
on the basis of the multiplex signals received through 
the respective antennas and the errorsignal output from 
the reference signal level detemiination section. The 
beam fonners receive the received multiplex signals 
and fonn antenna directivity beams for the respective 
paths In accordance with the antenna weighting factors 
output from the reception level detection sections. 
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Description 

Background oT the Invention 

[0001 ] The present Invention relates to an adaptive antenna reception apparatus for receiving code dhrtslon multiple 
access (CDMA) signals and adaptlvely fomiing antenna dIrecUvlty beams to recehfe a desired user signal while sup- 
pressing other user Interference signals. 

[0002] The CDMA scheme has the potential of Increasing the subscriber capacity and Is expected as a radio access 
scheme tor a next-generation mobile communication cellular system. On the base station receiving side, however, a 
problem arises In temis of Interference with other user signals due to simultaneous access with the same carrier. As 
a method of eliminating such Interference, a method using an array antenna (s available, 

[0003] An anray antenna receh^es signals through a plurality of antennas and perfomis weighted combining of com- 
plex numbers. With this operation , the amplitude and phase of the signal received through each antenna are controlled 
to form a directivity beam so as to receive a desired user signal, and other user Interference signals are suppressed. 
An adaptive array antenna Is an apparatus for fonnlng such a directivity beam by adapUve control. 
[0004] Fig. 6 shows a conventional adaptive antenna reception apparatus. 

[0005] This has L path processing sections 1 07-1 to 1 07-L corresponding to tho number of paths In accordance with 
muit^ath propagation channels In a mobile communication environment. 

[0006] It forms directivity beams for the respecth^e L paths to receive signals therefrom, and combines the reception 
signals to obtain a high-quailty reception signal. The path processing sections 1 07-1 to 107-L have the same anrange* 
ment. Each section is comprfeed of a beamfomier 101 and adapth^e control section 106. 

[0007] The beam former 1 01 receives a despread signal olrtalned at each path timing by using the spreading code 
of a desired user, and performs weighted combining of complex numbers to form a directivity beam for each path. 
[0008] A combiner 1 02 combines outputs from the respective beam formers 1 01 . A determination unit 1 03 detemilnes 
a transmission signal with the highest possibility of being a reception signal, and outputs a user determination symbol. 
A switch 104 Is switched to output a ioiown reference signal as a reference signal to a subtracter 105 If the known 
reference signal Is present and to output a detemnlnatlon signal as a reference signal to the subtracter 1 05 If no known 
reference signal Is present. The subtracter 1 05 generates an error signal by subtracting tiie reception signal sent from 
the combiner 102 from the reception signal sent from the switoh 1 04. 

[0009] The adaptive control section 106 obtains an antenna weighting factor used by each beam fomner 101 by 
adaptive control using an enx)r signal and a reception signal before beam fonnlng. As adaptive control, minimum mean 
square en^or (MiVISE) control is generally used. As adaptive update algorithms for antenna weighting factors using 
error signals, LMS (Least Mean Square), NLMS (Nonnallzed iJMS), and RLS (Recursh^e Least Square) algorithms are 
known. • 
[0010] Fig. 9 shows the gains of beam patterns tonned by the beam fomners for the respective paths. Fig. 9 shows 
a case of two paths, in this case, high gains are directed to the respective path directions of desired signals, while tiie 
gains In the Interference signal directions are suppressed low. in an array antenna using adaptive control, a beam Is 
directed to a desired signal direction, and a point (null) where the gain Is extremely low is directed to an Interference 
direction to maximize the reception SIN R (Signal to Interference and Noise Ratio). 

[001 1 ] Other conventtonai adaptive antenna reception apparatuses are disclosed In "Pilot Symbol-Assisted Decision- 
Directed Coherent Adaptive Array Dh^ersity for DS-CDMA Mobile Radio Reverse Link", lEICE Trans, vol. E80-A, pp. 
2446 - 2464, December 1 997 (reference 1) and "Perfomiance of Coherent Adapth^e Antenna An^ay Diversity Receiver 
Using the Common Antenna Weights for Rake Combined PathsforW-CDMA Reverse Link", Technical Report of lEICE. 
RCS 99 - 1 00. August 1 998 (reference 2). 

[0012] Fig. 7 shows the basic anwigement of this scheme. A beam fomner 1 21 receives a despread signal obtained 
at each path timing by using the spreading code of a desired user, and perfonns weighted combining of complex 
numbers to form a directivity beam for each path. A connblner 1 22 combines outpute from the respective beam fonners 
1 21 . A detemnlnatlon unit 1 23 determines a tiransmission signal witti ttie highest possibility of being a reception signal. 
[0013] A switch 124 is switehed to output a known reference signal as a reference signal to a multipiier 125 if the 
known reference signal Is present and to output a detemiination signal ais a reference signal to the multiplier 1 25 if no 
known reference signal is present. The multiplier J 25 multiplies ttie reference signal output from the switch 124 and 
the reference signal level output from an averaging section 130. A subtracter 126 generates an error signal by sub- 
tracting ttie reception signal from the output from the multlpHer 126. 

[001 4] An adaptive control section 1 27 obtains an antenna weighting factor used by the beam fomner 121 by adaptive 
control using the on-or signal output from tho multiplier 1 25 and ttie reception s^nal before beam fonnlng. According 
to tiie above reference, antenna weighting factors are updated by using the NLMS algorithm. 
[0015] A reference signal level A(n) Is calculated on the basis of the transmission channel estimattoh value ou^ut 
from the beam fonner 121. A reception level detectton section 128 detects the reception level of each path from a 
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corresponding transmission channel estimation value, and outputs tt to an adder 1 29. The adder 1 29 adds the reception 
levels of the respective paths output from the reception level detection section 1 26. The averaging section 1 30 averages 
the sum level output from the adder 129 and outputs the resultant value to the multiplier 125, The presence/absence 
of the averaging section 130 or Its averaging time Is arbitrarily determined. 

[0016] Fig. 6 shows an example of the reception level detection section 128. An amplitude detection section 141 
detects the absolute value (amplitude) of a transmission channel estimation value (complex number). A squaring sec- 
tion 142 calculates the square (power) of an output from the amplitude detection section 141. The reference signal 
level A(n) Is given by 



where Navr 1^ the averaging time of the averaging section 130. 

[001 7] The conventional adaptive antenna reception apparatus exhibits excellent steady-state characteristics owing 
to iow-spesd MMSE adaptive control In which antenna weighting factors are long-term-averaged. In a high-speed 
fading environment or the like, amplitude and phase variations due to fading cannot be connected. For this reason, to 
correct phase variations, a transmission channel correction section Is connected to the output temninal of each beam 
fomiier. 

[0016] With regard to reception level variations, however, when a prescribed value Is used as a reference signal, a 
level difference Is produced between the reception signal and the reference signal, resulting In an error In the desired 
signal itself. This leads to unstable operation. If high-speed transmitting power control (TPC) Is used together, a desired 
signal is suppressed In a short period of time In the process of Initial convergence, and TPC diverges. 
[0019] Accordlngtoamethodof detennlningarefererKesignalin accordance with a reception level, when a reception 
level after beam forming Is used as a reference signal, the reference signal ievel drops as the beam gain decreases, 
as in the prior art. For this reason, the gain decreases for a long terni because of the absence of power that adjusts 
the gain direction of a beam. In this method, therefore, Vtxe capability of tracking a change In the aniving direction of a 
desired signal may deteriorate. 

[0020] This tracking capability can be Improved by averaging reference signal levels. This operatton amounts to 
setting the averaging time N^vr of signal levels to be long. If this averaging time is set to be tong, variations In reception 
level cannot be quickly handled. This meUiod Is therefore equkalent to the method using a prescribed value. 

Summary of the Invention . .. 

[0021 ] It Is an object of the present Invention to provide an adaptive antenna reception apparatus which can stabilize 
adaptive control by quickly changing a reference signal in accordance with a reception level. 
[0022] In order to achieve the above object, according to the present invention, there is provided an ad£4)tive antenna 
receptk>n apparatus for receh^lng multiplex signals from a plurality of users with the same carrier through a plurality of 
antennas, and receiving a desired user signal by adaptiveiy fomning an antenna directivity beam while suppressing 
otifier user interference signals, comprising detemntnatton means for detennlnlng a level of a raference signal for gen- 
erating an error signal used for antenna adaptive control on the reception level basis of each antenna before t>eam 
fomiing, a plurality of adaptive control means for cateuiating antenna weighting factors for the respective paths on the 
basis of the multiplex signals received through the respective antennas and the error signal output from the detemai- 
nation means, and a plurality of beam fomiers for receiving the receded multiplex signals and forming antenna direc- 
tivity beams for the respective paths in accordance with the antenna weighting factors output from the adapthre control 
means. 

Brief Description of the Drawings 



Fig. 1 1s a block diagrani showing an adaptive antenna reception apparatus according to a first embodiment of the 
present Invention; 

Fig. 2 is a block diagram of a beam former in Fig. 1 ; 

Fig. 3 is a block diagram of a reception level detection section in Fig. 1 ; 

Fig. 4 Is a block diagram showing an adaptive antenna receptton apparatus according to a second embodbnent 
of the present Invention; 
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Fig. 5 Is a block diagram ot a reception level detection section In Fig. 4: 
Fig. 6 Is a block diagram showing a conventional adaptive antenna reception apparatus; 
Fig. 7 Is a block diagram showing another conventional adaptive euitenna reception apparatus; 
Fig. 8 Is a block diagram showing a reception level detection section In Fig. B; and 
5 Fig. 9 Is a graph showing an example of a beam pattern In an adaptive antenna reception apparatus. 

Description of the Preferred Embodiments 

[0024] Referring to Fig. 1 , the adaptive antenna reception apparatus has L path processing sections 10-1 to 10-L 
10 conresponding to the number of paths In accordance with multipath propagation channels In a mobile convnunlcatlon 
environment. The adaptive antenna reception apparatus forms directivity beams for the respective L paths to receive 
signals therefrom, and combines the reception signals to obtain a high-quallty reception signal. The path processing 
sections 1 0-1 to 1 0-L have the same arrangement Each section comprises a beam former 1 . adaptive control section 
7, and reception level detection section 8. 

19 [0025] The beam former 1 receives a despread signal obtained at each path timing by using the spreading code of 
a desired user, and performs weighted combining of complex numbers to fomn a directivity beam for each path. 
[0026] A combiner 2 combines outputs from the respective beam fonr^ers 1. A detemilnation unit 3 detemilnes a 
transmission signal with the highest possibility of being a reception signal, and ouq^uts a user determination symbol. 
A switch 4 is switched to output a known reference signal as a reference signal to a multiplier 5 if the known reference 

20 signal Is present and to output a detennlnatk>n signal as a reference signal to the multiplier 5 if no known reference 
signal Is present. The muttipiler 5 multiplies the reference signal output from the switch 4 and an output from a combiner 
9. and outputs the resultant value to a subtracter 6. The subtracter 6 generates an en^r signal by subtracting the output 
sent from the combiner 2 from the output sent from the multiplier 6, 

[0027] The adaptive control section 7 obtains an antenna weighting factor used by each beam fomner by adaptive 
2s control using the error signal output from the subtracter 6 and a reception signal before beam fomnlng. For example. 
In adaptive control, antenna weighting factor WnlmsCUiH) (where I Is the patti nun^er. | Is the antenria number, and n 
Is the symbol number) obtained by using the NLMS algorithm is updated by using equation (2): 

^ Wnu^sC' n + 1) - WnlmsO. j. n) 4- X(i. j. n)h„(l. n)e*(n) (2) 

where x(IJ,n) Is the despread signal of each antenna reception signal. P(i,n) Is the total power of the despread signals 
of the respective antennas for the respective paths, hn(l,n) Is. the transnnlsslon chahriel estimation value homiallzed 
^ with an amplitude of 1 . which \a calculated by using the transmission channel estimation value supplied from each 
beam f omner 1 . and X^^ms ^^^P size of NLMS. 

[0028] As methods of updating the antenna weighting factor In the adaptive control section 7. vahous algorithms and 
modifications thereof are available In addition to the method Indicated by equatk>n (2). However, they are not directly 
relevanttotheglstof thepresenttnvention. Henceadetaileddescrtptionof these methods may be omitted. Inequation 
^ (2), e(n) represents an enor signal, which Is gh^en by 

e(n) = A(n)Zp(n)-Z(n) (3) 

^ where z(n) is the reception signal. Z^[n) Is the reference signal (the determination signal or known reference signal), 
and A(n) is the reference signal level. 

[0029] The reference signal level A(n) is calculated on the basis of the signal received by each antenna and input 
to the beam former 1 . The receptk>n level detection sectk>n 8 detects the reception level of each path from the trans- 
mission channel estimation value for each antenna and outputs the detected level to the combiner 9. The combiners 

^ combines the reception levels of the respective paths and outputs the resultant value to the multiplier 5. 

[0030] Reference numeral 1 1 denotes a reference signal level detennlnation section for determining the level of a 
reference signal for generating an error signal used for antenna adapth^e control, The reference signal level determi- 
nation section 1 1 is comprised of the combinerB 2 and 9. determination unit 3, switch 4, multiplier 5, subtracter 6, and 
receptk>n level detection section 8. 

^ [0031 ] Fig. 2 shows an example of the beam former 1 . The beam former 1 is basically comprised of complex multi- 
pliers 61-1 to 61 -IM (N is the number of antenna elements) and a combiner 62. A tremsmission channel correction 
section 66 Includes a transmission c^hannei estirriation section 63, complexconjiigate sectkin 64, and complex multiplier 
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65. and corrects amplitude and phase variations In a transmission channel by using the reception signal output from 
the combiner 62, which has undergone beam fonnlng. 

[0032] This function Is not required when the transmission channel variation Is slow. In this case, annpiitude and 
phase variations In the transmission channel can be corrected by the antenna weighting factor Itself. If ttie transmission 

5 Channel variation is fast, the antenna weighting factor updating speed based on adaptive control Is too low to perform 
satisfactory transmission channel connection. For this reason, a transmission channel con^on function Is Independ- 
ently prepared, and beam fonming based on long-term averaging is performed to tracic only the arriving direction of a 
signal without perfomning transmission channel conwtlon for a desired signal using ah antenna weighting factor. 
[0033] Although ttie transmission channel correction section 66 is not directly associated wttti the beam fonming 

to function, the beam fonner 1 Includes this section for the salce of descriptive convenience. The transmission channel 
estbnatlon value output from tiie transmission channel estimation section 83 Is also used in the adaptive control section 
7. 

[0034] Fig. 3 shows an example of the reception level detection section 8. A transmission channel estimation section 
41 performs transmission channel estimation for each antenna element on the basis of an input despread signal to 

19 Obtain a transmission channel estimation value (complex number). An amplitude detection section 42 detects the ab- 
eolute value (annpiitude) of the transmission channel estimation value (complex number) output from the transmission 
channel estimation section 41. An Inter-antenna-eiement averaging section 43 averages the reception levels of the 
respecth^e antennas, which are the outputs from the amplitude detection section 42, between the antennas. A squaring 
section 44 calculates ttie square (power) of the output from the inter-antenna-element averaging section 43. The ref- 

so erence signal level A(n) is given by 



where h^ JI,J,n) Is the transmission channel estimation value (complex nianber) for each antenna element. The process- 
ing perfomied by the transmission channel estimation section 41 and inter-antenna-eiement averaging section 43 need 
30 not ahvays be perfomied for ail the elements N, and Is designed in consideration of the SilMR Improvement character- 
istics and computation amount. 

[0035] According to this embodiment a reference signal Is multiplied by the signal level of each antenna before beam 
fonnlng, and the reception level of each antenna before beam fonnlng Is not influenced by the beam gain. Therefore, 
this level Is preferably used as a reference for a reference signal level. Alttiough ttie SINR of ttie signal received by 
35 each antenna before beam fomning is considerably low, the SINR can be improved by averaging ttie levels between 
the antenna elements. 

[0036] Fig. 4 shows an adaptive antenna reception apparatus according to the second embodiment of the present 
Invention. The second embodiment differs from ttie first embodiment in tiiat an error signal for adapthre control is 
generated for each path. More spectflcaiiy, each of processing sections 31-1 to 31 -L includes a normalizing section 

^ 2S, muitipDers 26 and 27, and subtracter 28 in addition to a beam former 21 , adaptive control section 29, and reception 
level detection section 30. The beam fomner 21 , a combiner 22, a detemilnation unit 23, and a switch 24 have ttie 
same functions as those of the beam fonner 1 . combiner 2, determination unit 3, and switch 4 in the flrat embodiment. 
[0037] The nonnaiizing section 25 normalizes the transmissbn channel estimation value output from the beam former 
21 with an amplitude of 1 and outputs the resultant value to the multiplier 26. The multiplier 26 multiplies an output 

45 (nonnallzed transmission channel estimation vcUue) from the nonnaiizing section 25 and an output (reference signal) 
from the switch 24. The multiplier 27 multiplies an output (a reference signal having undergone phase correction) from 
the multiplier 26 and an output (the level of a reference signal) from the reception level detection section 30. The 
subtracter 28 generates an error signal by subtracting the output sent (reference signal) from ttte multiplier 27 from a 
reception signal (a beam former output before correction in Fig. 2) from each path. 

so [0038] The adaptive control section 29 obtains an antenna weighting factor used by ttie beam former 21 by adaptive 
control using an error signal and the signal received kiy each antenna before beam forming. In an example of adaptive 
control sections 29-1 to 29-L, an antenna weighting factor W,4|jy,s(iJ,n) (where I is the path number, J is the antenna 
number, and n is the symbol number) obtained by using the NLIMS algorithm is updated by 
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Wnuwis(J- J. n + 1) = WMUiis(iJ, n) + 



P(i. n) 



X(l,J.n)e'(l,n) 
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where x(l J.n) Is the despread signal of each antenna reception signal. P(l.n) Is the total power of the despread signals 
of the respective antennas for the respective paths, and Xnlms ^ the step size of NLMS. 

[0039] As methods of updating the antenna weighting factor In the adaptive control section 29. various algorlthnrw 
and modifications thereof are available in addition to the method Indicated by equation (5), However, they are not 
directly relevant to the gist of the present Invention. Hence a detailed description of these methods may be omitted. In 
equation (5), e(n) represents an en^r signal, which Is given by 



where z(l,n) Is the reception signal from each path, I.e., the beam former output before phase con^dlon, Zf^(n) Is a 
reference signal as a determination signal or known reference signal, and A(l,n) Is the reference signal level of each 
path. 

[0040] The reference signal level ACi.n) Is calculated on the basis of the signal receh^ by each antenna and Input 
to the beam former 21 . A reception level detection section 30 detects the reception level of each path from the trans- 
mission channel estimation value for each antenna. 

[0041] Reference numeral 31 denotes a reference s^nat level determination section for determining the level of a 
reference signal for generating an error signal used for antenna adaptive control on the basis of the reception level of 
each antenna before beam forming. The reference signal level determination section 31 Is comprised of the combiner 
22, determination unit 23, switch 24, normalizing section 25, multipliers 28 and 27, subtracter 28, and reception level 
detection section 30. 

[0042] Fig. 5 shows an example of the reception level detection section 30. A transmission channel estfrnation section 
51 performs transmission channel estimation for each antenna element on the basis of an Input despread signal to 
obtain a transmission channel estimation value (complex number). An amplitude detection section 52 detects the ab- 
solute value (amplitude) of the transmission channel estimation value (complex number) output from the transmission 
channel estimation section 51. An inter-antenna-eiement averaging section 53 averages the reception levels of the 
respective antennas, which are the outputs from the amplitude detection section 52. between the antennas, and outputs 
the resultant value to the multiplier 27. The reference signal level A(l.n) of each path is given by 



where h^^{lln) is the transmission channel estimation value (complex number) for each antenna element. The process- 
ing performed by the transmission charinel estinratlon section 61 and Inter-antenna-element averaging section 53 need 
not always be performed for all the elements N, and Is designed in consideration of the SINR improvement character- 
istics and computation amount. 

[0043] The present Invention Is especially effective when transmission channel variations are fast, and' adaptive 
control is too slow to perform satisfactory transmission channel correction, i.e., the transmission channel conation 
section 68 Is Independently prepared for the beam former 1 . However, the present Invention is not limited to this, and 
may be applied to a case In whteh transmission channel variations can be corrected by an antenna weighting factor 
itself, I.e., the beam former 1 does not include the transmission chcmnei correction section 86 (ttie adaptive antenna 
has a basic arrangement). 

[0044] In each embodiment described above, a CDMA signal Is used as a rhulHplex signal. However, the present 
invention Is not limited to a case where a CDMA signal Is used. For example, the preseiit Invention can also be applied 
to a case where an FDMA (Frequency Dh^lsion Multiple Access) signal, TDMA (Tlrrie Division Multiple Access) signal, 
or ttie like, other than a CDMA signal, is used as a reception signal. 

[0045] As has been described above, according to the present invention, since a reference signal is multiplied by 
the signal level of each antenna before beam forming, the reference signal Is qutekly changed In accordance with the 
receptton level in a fading environment or the like, thereby stabilizing adaptive control. 

[0046] When high-speed TPG Is used togettier. In partteular, the present Invention can prevent tiie phenomenon In 
which a desired signal Is suppressed in the process of initial convergence, and TPC dhmrges. This allows adaptive 
control to exert its intrinsic tracking capability with respect to a change in ttie arriving direction of a desired signal. 
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Claims 

1. An adaptive antenna reception apparatus for receiving multiplex signals from a plurality of users with the same 
carrier through a plurality of antennas, and receiving a desired user signal by adaptlvely forming an antenna di- 
rectivity beam while suppressing other user Interference signals, characterized by comprising: 

determination means (11 , 31)for dotennlning the level of a reference signal for generating an error signal used 
for antenna adaptive control on the reception ievei basis of each antenna before beam forming; 
a plurality of adaptive control means (8, 30) for caiculattng antenna weighting factors for the respective paths 
on the basis of the multiplex signals received through the respective antennas and the ennor signal output from 
said detemilnatlon means; and 

a plurality of beam fonners (1,21) for receiving the recehfed multiplex signals and fonnlng antenna directivity 
beams for the respective paths In accordance with the antenna weighting factors output from said adaptive 
control means. 

2. An apparatus according to dalm 1 , wherein the multiplex signal Is a code division multiple access (CDMA) signal. 

3. An apparatus according to dalm 1 , wherein said detemnlnatlon nreans detennlnes a reference signal level on the 
sum total basis of path reception levels of the respective antennas before beam fomning. 

4. An apparatus according to dalm 1 , wherein said detemilnatlon means determines a reference signal level for each 
path on the path receptton level basis of each antenna before beam fonnlng. 

5. An apparatus according to dalm 2, wherein said detemilnatlon means comprises: 

first combining means (2) for combining beam fomner outputs from said beam fomners corresponding to the 
respective paths; 

determination means (3) for determining an output from said first combining means as a transmission signal; 
switch means (4) for selectively switching a detemilnatlon signal output from said detemnlnatlon means and 
a known reference signal to output the signal as a reference signal; 

a plurality of reception level detection means (8) for detecting a reception level for each path on tfie basis of 
a recelvisd despread signal; 

second combining means (9) for combining reception levels of the respective paths which are output from said 
reception leveil detection means; 

multiplication means (5) for multiplying a reference elghai level output from said second combining means and 
a reference signal from said switch means; and 

subtraction means (6) for generating an error signal by subtracting an output from said multiplication nneans 
from an output from said first cwnblnlng means. 

6. An apparatus according to dalm 5, wherein 

said reception level detedion means comprises: 

transmission channel estimation means (41) for estimating a transmission channel for each antenria for each 

path; 

amplitude detedion means (42) for calculating an absolute value of an output from said transmission channel 
estimation means; 

amplitude averaging means (43) for averaging outputs from said amplitude detedion means between antenna 
elements; and 

squaring means (44) for squaring an output from said amplitude averaging means. 

7. An apparatus according to dalm 2, wherein 

said detemiination means comprises: 

combining means (22) for combining beam former outputs from said beam fomiens corresponding to the re- 
spedive paths; 

determination means (23) for detemiining an output from said combining means as a transmission signal; 
switch mearis (24) for switching a detemnlnation signal output from said determination means and a known 
reference signal to output the signal as a reference signal; 
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a pturailty of reception level detection means (30) for detecting a reception level for each path on the basis of 
the despread signal; 

a plurality of multiplication means (27) for multiplying reception levels of the respective paths, output from said 
reception level detection means, and the reference signal output from said switch means; and 
a plurality of subtraction means (28) for generating ennor signals for the respective paths by subtracting outputs 
from said multiplication means from outputs from said beam formers. 

An apparatus, according to dalm 7. wherein 

said reception level detection means comprises: 

transmission channel estimation means (51) for estimating a transmlsston channel for each antenna for each 

path; 

amplitude detection means (52) for calcutating an absolute value of an output from said transmission channel 
estimation means; and 

amplitude averaging means (53) for averaging outputs from said cunptltude detection means between antenna 
elements. 
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